Background: The purpose of this study was to investigate the usefulness of intracystic MRI features for detection of severe cyst infection that is usually refractory to antibiotic therapy alone in patients with autosomal dominant polycystic kidney disease. Methods: Seventy-six patients (88 episodes) with positive cyst cultures treated from January 2006 to December 2013 were enrolled as the cases for this case-control study, while 147 patients who continued to attend our hospital from January 2011 to December 2013 and did not have cyst infection diagnosed during that period were enrolled as the controls. Intracystic MRI findings were investigated. Results: At least one of four intracystic MRI features (high signal intensity (SI) on diffusion-weighted images (DWI), fluid-fluid level, wall thickening, or gas) was found in all of the cases, but such findings were also detected in some controls. Intracystic gas was specific for cyst infection, but its sensitivity was only 1.1 %. A high intracystic SI on DWI showed a sensitivity of 86.4 %, but its specificity was lower at 33.3 %. Both the specificity and sensitivity of a fluidfluid level or wall thickening were about 80 %. However, the specificity of these MRI features decreased as total liver and kidney volume (TLKV) increased, falling to 65.8 % in patients with organomegaly (TLKV > 8500 cm 3 ). A cyst diameter > 5 cm was useful for detecting severely infected cysts that needed drainage, and specificity was increased by combining the other four MRI findings with a cyst diameter > 5 cm. Conclusions: MRI with DWI was useful for detecting severe cyst infection in ADPKD. While the specificity of MRI alone was not high enough in patients with organomegaly, combining the four MRI features with abdominal pain, sequential MRI changes, or cyst diameter > 5 cm improved detection of severely infected cysts in these patients.
Background
Autosomal dominant polycystic kidney disease (ADPKD) is a common inherited renal disorder and the most common monogenetic cause of end-stage renal disease (ESRD) [1] . Cyst infection is a frequent and serious complication of ADPKD that is often difficult to diagnose and treat, and can even be fatal. It has been estimated that 30 % to 50 % of patients with ADPKD experience renal infection during their lifetime [2, 3] , although cyst infection leading to hospitalization is much less frequent, occurring in approximately 9 % [4] . Cyst infection often becomes resistant to antibiotics, and percutaneous or surgical drainage of infected cysts is generally recommended when fever persists despite 1-2 weeks of appropriate antimicrobial therapy [1] . It has been reported that infection of large cysts (>5 cm in diameter) is more likely to become severe and that large infected cysts frequently require drainage [4, 5] . However, much is still unknown regarding cyst infection in ADPKD. Positron emission tomography (PET) is useful for detecting infected cysts [4] , but this imaging method has the disadvantages of limited availability and high cost. In addition, it was reported that the radiation dose associated with PET might be increased in patients with renal failure [6] , making it difficult to perform PET in ADPKD patients whenever cyst infection is suspected. We recently devised MRI diagnostic criteria for cyst infection based on a comparison between cysts with confirmed infection, normal cysts, and cysts with intracystic hemorrhage (Additional file 1) [7] . The possibility of cyst infection can be evaluated by using our criteria, even if causative microorganisms are not identified by culture of the cyst contents [8] . In our diagnostic criteria, detection of four intracystic features on abdominal MRI (a high signal intensity (SI) on diffusionweighted images (DWI), fluid-fluid level, wall thickening, and gas) and assessment of changes over time are important for detecting cyst infection (Fig. 1a-d ), but the sensitivity and specificity of these four features is uncertain. The present study focused on these four intracystic MRI features in ADPKD patients with and without cyst infection to further evaluate the usefulness of our diagnostic criteria.
Methods
This retrospective case-control study was reviewed and approved by the ethics committee of Toranomon Hospital. b a d c Fig. 1 a MRI findings (T1WI, T2WI, and DWI) in a patient with cyst infection. The infected renal cyst shows a higher intensity on DWI compared with normal cysts, but it is difficult to identify on T1WI and T2WI. b MRI findings (T1WI, T2WI, and DWI) in a patient with cyst infection. A fluid-fluid level and cyst wall thickening can be seen. The infected renal cyst shows a higher intensity on DWI and T1WI than normal cysts, while it has a lower intensity on T2WI. c MRI findings (T1WI, T2WI, and DWI) in a patient with cyst infection. Obvious cyst wall thickening can be seen. The infected cyst is iso-intense on T1WI, T2WI, and DWI. d MRI findings (T1WI, T2WI, and DWI) in a patient with cyst infection. Gas is seen on T1WI, T2WI, and CT. The infected renal cyst shows a higher intensity on DWI compared with normal cysts, while it has a lower intensity on T2WI and T1WI
All clinical information was obtained from the medical database of Toranomon Hospital (Tokyo and Kawasaki, Japan). We evaluated the sensitivity and specificity of the four intracystic MRI features in our criteria for detecting infected cysts by comparing their frequency between the cases and controls. We also analyzed the MRI features of the cysts in four groups based on total liver and kidney volume (TLKV) quartiles that approximated the quartiles of the controls. We also counted the number of cysts with a diameter >5 cm, because antibiotic therapy is less effective and drainage is more likely to be required for infected cysts with a diameter exceeding 5 cm [4, 5] .
Patients
Only adult patients (20 or more than 20 years old) were enrolled in this study. All patients admitted to Toranomon Hospital with a diagnosis of cyst infection from January 2004 to March 2014 were identified by entering the key words cyst infection for the diagnosis at discharge or the complication during hospitalization. Among them, all patients who underwent cyst drainage and had positive cyst fluid cultures were enrolled as cases in this study. As a result, all of the patients enrolled might have had severe cyst infection since bacteria were not eliminated by prior antibiotic therapy (usually treatment for 1-2 weeks). In order to exclude recurrence of previously undertreated or suppressed cyst infection, we excluded episodes that occurred within 3 months after discontinuing antibiotics for both positive cyst culture (Fig. 2a) . All ADPKD patients who continued to attend Toranomon Hospital regularly at intervals of less than 3 months over a period of 3 years (from January 2011 to December 2013) were also investigated for controls. Among them, all patients in whom abdominal MRI with DWI was performed for screening from January 2012 to December 2013 were enrolled as possible controls for this study. Patients with a diagnosis of cyst infection or fever of unknown origin (with or without hospitalization) were excluded from the control group. In addition, patients who received renal or hepatic arterial embolization or cyst drainage for size reduction during the study period were excluded. The controls were selected from among all outpatients attending the Department of Nephrology at Toranomon Hospital from October 2013 to December 2013 according to the procedure shown in Fig. 2b . All of the patients enrolled fulfilled Ravine's criteria for the diagnosis of ADPKD [9] .
Imaging studies
Abdominal MRI was performed in all patients with suspected cyst infection. In the controls, abdominal MRI was usually performed to evaluate organ volume. We obtained T1-weighted images (T1WI), T2-weighted images (T2WI), and diffusion-weighted images (DWI) in the transverse and sagittal projections in all patients. None of the patients underwent gadolinium-enhanced MRI because of the high prevalence of renal dysfunction. MRI was performed with a 1.5-T apparatus (MagnetomAvanto, Siemens, Erlangen, Germany) and a body phased-array coil. Patients remained in the supine position throughout the examination and all images were obtained with breath holding. T1WI were obtained with the fast low angle shot (FLASH) ; slice thickness, 9 mm; gap, 1 mm.
The MRI findings were analyzed by three different readers (a nephrologist, a hepatologist, and a radiologist) who each had more than 10 years of experience. Judgment of the intracystic SI on DWI, the presence of a fluid-fluid level, the cyst wall thickness, intracystic gas, and intracystic changes was done by complete consensus of all three readers. Because the readers had different specialty backgrounds, we did not calculate kappa statistics in this study. The width of each cyst wall was measured and wall thickening was defined as being present when the width was ≥3 mm. Intracystic high SI on DWI was counted even if it was a small cyst whose diameter < 5 mm. Comparison of the SI ratio between infected cysts and skeletal muscle was done as reported previously [7] . If drainage of multiple cysts was performed in a patient, we analysed each cyst separately. We analyzed all of the cysts in each control. If even one of thousands of cysts in a control showed at least four of the specified intracystic MRI features, we judged that as a positive result.
Acute abdominal pain/back pain, gross hematuria, and high intensity on T1WI are suggestive of acute intracystic bleeding. In patients with such symptoms/findings, we usually performed abdominal CT to more clearly differentiate between cyst infection and intracystic hemorrhage. We did not perform drainage of cysts with acute hemorrhage.
Measurement of kidney and liver volume
Renal volume was calculated on MR images by using the formula for an ellipsoid (a × b × c × π/6), where a is the maximum length of the kidney and b and c are the maximum widths in two transverse dimensions. MR images obtained at a slice interval of 1 cm were analyzed using Synapse software (Fujifilm Company) to measure the liver area (cysts plus parenchyma), and the liver volume was calculated as the sum of the hepatic area on each slice. Then the TLKV was calculated as the sum of the kidney volume and the liver volume.
Renal function
We classified all of the patients into dialysis and predialysis groups. All of the patients in the dialysis group were on hemodialysis. Patients receive anticoagulation regularly when on hemodialysis, so cyst bleeding could be more likely to occur in this group. The pre-dialysis group was small in cases, so we did not classify it into subgroups according to the glomerular filtration rate.
Aspiration of infected cysts
Percutaneous aspiration of infected cysts was considered if fever persisted for 1-2 weeks despite appropriate antimicrobial therapy as generally recommended [1] . All infected cysts were identified by abdominal MRI and aspiration was done under ultrasound guidance. A 10.2 Fr pigtail catheter with side holes was inserted percutaneously into each target cyst, after which the contents were aspirated completely and submitted for culture. After cyst drainage, we always performed abdominal CT and injected contrast medium into the cyst through the drain tube to confirm that we had punctured the target cyst. Some patients underwent aspiration of several infected cysts at the same time and the contents of each cyst were cultured.
Statistical analysis
Results are expressed as the mean ± SD for data analyzed by parametric tests and as the median with interquartile range for data analyzed by non-parametric tests. A probability (P) value of less than 0.05 was considered to indicate significance. For quantitative variables, differences between groups were assessed by Student's t-test, the Mann-Whitney U test or the Dunnett test. For quantitative variables, differences between the four groups were assessed by analysis of variance. For categorical variables, differences between groups were assessed by the χ 2 test or Fisher's exact test for discrete variables. The usefulness of each diagnostic feature was assessed by receiver operating characteristics (ROC) analysis. Internal validity for area under curve (AUC) of ROC analysis for each diagnostic feature was assessed by calculating the 95 % confidence interval (95 % CI) by the bootstrap resampling technique (2,000 resampling).
All statistical analyses were performed with the SPSS Statistics 18.0 statistical software package (SPSS Inc., Chicago, IL, USA).
Results
A total of 279 patients were admitted to our hospital with a diagnosis of cyst infection (615 episodes) during the period from January 2006 to January 2014 (Fig. 2a) . Drainage of the infected cyst was performed in 298 episodes and cyst fluid culture was positive in 101 episodes. Among these 101 episodes, 13 episodes with a positive cyst culture obtained within 3 months after discontinuing antibiotics were excluded and there were 88 episodes in total. We sometimes performed drainage of multiple cysts in one patient, so the number of cysts investigated was 110. At least one of the four intracystic MRI features of cyst infection was detected in all 110 cysts by all three readers. However, there was lack of consensus about some findings in a few cysts with multiple intracystic MRI features (three cases of high intracystic SI on DWI and one case of cyst wall thickening). From among the patients who attended Toranomon Hospital regularly, 147 patients were enrolled as controls (Fig. 2b) . The cases were significantly older than the controls. TLKV were not significantly different between the cases and the controls (Table 1) . A high intracystic SI on DWI was seen in 86.4 % of the cases, but was also found in 66.7 % of the controls (Table 2 ). In the controls, the majority of cysts with a high intracystic SI on DWI were < 5 cm in diameter (Fig. 3 ). Intracystic fluid-fluid level and wall thickening were seen in less than 50 % of the cases, but were found in less than 15 % of the controls, so the specificity of these findings was high (>85 %). An intracystic fluid-fluid level or wall thickening were seen in 84.1 % of the cases, and also in 19.7 % of the controls, so the sensitivity and specificity of these findings were about 80 %. Intracystic gas was only seen in 1.1 % of the cases, but its specificity was 100 %. At least one of the four MRI features of cyst infection was detected in all of the cases. In addition, 83.0 % of the cases had cysts with a diameter >5 cm and at least one of these four MRI features of infection, while only 18.4 % of the controls had cysts with a diameter >5 cm and at least one of the four MRI features. In the cases, the frequency of a high intracystic SI on DWI, a fluid-fluid level, and wall thickening was not significantly different among the four TLKV quartiles (Table 3) . On the other hand, the frequency of these findings was quite different among the four TLKV quartiles of the controls (Table 4) , with the frequency of each finding showing an increase and the specificity becoming lower as the TLKV increased. ROC analysis revealed that a fluid-fluid level or wall thickening were significant in all of the four TLKV quartiles ( Table 5) . The 95 % CI of each diagnostic feature calculated by the bootstrap resampling technique was similar to that obtained by ROC analysis of raw data, which suggested that internal validity was maintained.
Discussion
Our MRI diagnostic criteria for cyst infection were highly sensitive because at least one of the four imaging features was seen in every patient with cyst infection. Intracystic gas was specific for cyst infection, so we can make a diagnosis of infected cyst whenever intracystic gas is detected. In addition, when an intracystic fluidfluid level or wall thickening is seen, the specificity or sensitivity for diagnosis of infected cyst is about 80 % ( Table 2) . ROC analysis also indicated that a fluid-fluid level or wall thickening was useful for the diagnosis of cyst infection (Table 5) . A high intracystic SI on DWI differs from the other three MRI features because its specificity is quite low. A high intracystic SI on DWI could reflect minor bleeding or inflammation because a high intracystic SI on DWI can be seen both in intracystic infection and intracystic hemorrhage [7] . Intracystic bleeding or cyst infection occurred in some of the controls even though it was not documented in their medical records. In addition, minor intracystic bleeding or inflammation might occur in some ADPKD patients. ADPKD patients often complain of abdominal pain that is different from abdominal distension [10] [11] [12] , and such pain might result from minor intracystic bleeding or inflammation. We also often encounter ADPKD patients with slight elevation of CRP although they do not have obvious cyst infection, and such slight CRP elevation might be due to minor intracystic bleeding or inflammation rather than infection. However, a high SI on DWI is the most frequent feature of an infected cyst and was seen in 88.2 % of the cases, so we should not exclude it from diagnostic criteria for cyst infection. We should not make a diagnosis of infected cyst only from a high intracystic SI on DWI, and abdominal pain at the same location as the cyst plus changes on MRI are needed for diagnosis [7] . Abdominal pain is useful for detecting an infected cyst, but it only occurs in about 60 % of patients with cyst infection and previous MRI data for comparison might be unavailable [7] . The present study also revealed that a cyst diameter >5 cm was useful for detecting severe infection that was likely to need drainage [4, 5] . The specificity of a high SI on DWI was 84.4 % for cysts with a diameter > 5 cm, but its sensitivity was lower at 69.1 %. Therefore, we should assess a combination of abdominal pain, sequential MRI changes, and/or cyst diameter >5 cm with the four MRI features to detect infected cysts that need drainage. In the present study, specificity for infected cyst decreased as TLKV increased. The reason might be that Fig. 3 MRI findings (T1WI, T2WI, and DWI) in a control. The renal cysts show a higher intensity on DWI and T1WI than normal cysts, while having a lower intensity on T2WI. These are small cysts with a diameter of less than 5 cm cyst bleeding or inflammation are likely to occur as TLKV increases. In patients with a TLKV > 8500 cm 3 , the specificity of a fluid-fluid level or wall thickening was only 65.8 %, so these features alone are not useful for diagnosis of cyst infection. In these patients with a TLKV > 8500 cm 3 , the sensitivity of a fluid-fluid level or wall thickening was 72.2 %, for cysts with a diameter > 5 cm, but the specificity was lower at 76.3 % (Tables 3  and 4 ). Therefore, we should not make a diagnosis of infected cyst only from a fluid-fluid level or wall thickening in patients with massive organomegaly, even if the cyst diameter is > 5 cm. Abdominal pain at the same location as the cyst plus changes on MRI are needed for diagnosis in these patients, too. Previous MRI to compare is unavailable in some patients, however, recurrence of cyst infection is likely occur in patients with huge organomegaly, so previous MRI is usually available in these patients.
In this study, all controls who had at least one cyst with at least one of the four features of infection among hundreds of cysts were defined as positive, which reduced the specificity of diagnosing infection. However, there were actually not many cysts with at least one feature of infection in each control and only 23 controls (15.6 %) had more than 5 cysts with at least one of the four features of infection (Fig. 4 ).
An intracystic high SI, fluid-fluid level and sequential changes were only seen on DWI but not on T1WI and T2WI in some cases. One of the reasons for this difference might be that contrast ratio of DWI is higher than that of T1WI or T2WI. Because DWI are useful for evaluating intracystic findings, we suggest DWI should be added to routine MRI in patients with ADPKD. Enhanced CT is associated with exposure to radiation, renal toxicity, and allergy, while enhanced MRI using gadolinium-containing contrast medium is associated with nephrogenic systemic fibrosis, so these imaging methods are not suitable for routine screening. Because it avoids these disadvantages, plain MRI might be suitable as a routine screening method in ADPKD patients with huge kidneys. If we detect abnormal cysts, we should consider diagnoses such as cyst infection, intracystic hemorrhage, or neoplasm. This protocol could potentially improve the outcome of ADPKD patients, but a prospective multicenter study is needed to confirm its usefulness. The optimum interval between abdominal MRI examinations is also controversial, and an appropriate interval should be determined. The present study revealed that intracystic changes on MRI are more likely to occur as the organ volume becomes larger, so we should probably perform MRI more often as organ volume increases.
A limitation of this study is that this was a retrospective study performed at a single center. We enrolled controls who were without cyst infection during the study period according to our medical records, but some of these patients might have been treated for this condition at other hospitals. In addition, selection bias might have occurred because the attending physicians decided whether or not to perform abdominal MRI in the TKLV total kidney and liver volume, NS not significant controls. A positive result of cyst contents culture was needed for enrollment of the cases in this study, so our subjects might have had severe cyst infection since bacteria were not eliminated by prior antibiotic therapy. However, it is clinically important to be able to correctly identify the infected cyst in patients with severe cyst infection, because drainage should be performed. The frequency of cysts with a diameter >5 cm was much higher among cases than controls, possibly due to selection bias, since infection may be more likely to become severe if the cyst is large and it could be more technically difficult to drain cysts with a diameter < 5 cm. We determined the cyst/skeletal muscle ratio, but this is less accurate than an apparent diffusion coefficient (ADC) map. However, a longer time is needed to make an ADC map, which is often difficult in patients with ADPKD who can only remain in the supine position for a brief period due to their organomegaly. The MRI protocol that we employed was relatively convenient for the patients, but obtaining 10 mm slices may have reduced the sensitivity of imaging. Finally, the number of patients was not so large, so further investigation is needed.
Conclusion
A fluid-fluid level or wall thickening on MRI were useful for detecting severely infected cysts in ADPKD patients, showing a sensitivity and specificity of about 80 %. However, the specificity decreased as TLKV increased and was only 65.8 % in patients with massive organomegaly (TLKV > 8500 cm 3 ). A cyst diameter >5 cm was useful for detecting infected cysts that needed drainage, and specificity was increased by combining a cyst diameter > 5 cm with the four MRI features of cyst infection. We could identify most cases of severe cyst infection that required drainage by combining the four MRI features with abdominal pain at the same location plus changes from previous MRI findings and a cyst diameter >5 cm. Thus, MRI with DWI is useful for detecting severely infected cysts in ADPKD patients.
Additional file
Additional file 1: Our diagnostic criteria for cyst infection, acute cyst hemorrhage, and combined cyst hemorrhage and infection. It was published before [7] . (DOC 47 kb) Abbreviations ADC map: Apparent diffusion coefficient map; ADPKD: Autosomal dominant polycystic kidney disease; DWI: Diffusion-weighted images; ESRD: End-stage renal disease; MRI: Magnetic resonance imaging; PET: Positron emission tomography; SI: Signal intensity; TLKV: Total liver and kidney volume
